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Variation in floral sex allocation among
flowers within inflorescences in
hermaphroditic plants: adaptation to mating





















































The objective of this thesis was to investigate the variation in florai sex allocation 
among flowers within inflorescences and its adaptive significance. In Chapter I , to 
show the generality of the variation in floral sex allocation among flowers within 
inflorescences, I examined the pattems of the variations in the numbers of ovules 
(female function) and pollen grains (male function) among flowers within 
inflorescences for 24 hermaphroditic species. In Chapter 2, to examine an adaptive 
signifrcance of the observed patterns in Chapter I , I proposed that the variation in the 
floral longevity among flowers caused a difference in opportunities in pollen donation 
and/or receipt and variation in floral sex allocation arnong flowers in Aquilegia 
buelgeriana var. oxysepala. In Chapter 3, to show the different patterns of temporal 
variation in maie and female reproductive success among flowers within inflorescences, 
I quantified the temporal variations in male and female reproductive success among 








Patterns of floral sex aliocation amoug flowers within inflorescences in 24 
hermaphroditic plants 
To show the generalhy of the variation in floral sex allocation among flowers 
within inflorescences, I examined patterns of the variations in the numbers of ovlJles 
and pollen grains among flowers within inflorescences in 24 herrnaphroditic plants. The 
number of ovules decreased with flowering' order and that of pollen grains increased 
with it in I species. The numbers of both ovules and pollen grains significantly 
decreased or increased with flowering order in 4 species. Either the number of ovules or 
pollen grains significantly decreased with flowering order within inflorescences in 4 
species. Thus, there were several patterns in the 24 species studied. In certain species, 
temporal variation in the display size within inflorescences and resource availability of 
a flower may cause a variation in opportunity for pollen donation and/or receipt and the 
resource investment conditions among flowers within inflorescences, Ieading to a 
variation in floral sex allocation among them. However, I did not detect any increasing 






the species studied. These results suggest that the variation in floral sex 
among flowers within inflorescences may not be a general trend. 
allocation 
Chapter 2 
Relationship between floral longevity and sex alloeation among flowers within 
inflorescenees in Aquilegia buergeriana var. oxysepala (Ranuuculaceae) 
Understanding the frtness of plants with inflorescences requires examining 
variation in sex allocation among flowers within inflorescences. I examined whether 
differences in the duration of the male and female phases of flowering leads to variation 
in sex allocation and reproductive success among flowers within inflorescences. In 2002 
and 2003, I quantified floral longevity, floral sex allocation, and reproductive success 
between the first and the second flowers within inflorescences in a protandrous species, 
 Aquilegia buergeriana va~･ oxysepala. Floral longevity was greater in the first flowers 
than in the second ones in both years. The male phase lasted longer, and the initial 
number of pollen grains and the number ofpollen grains removed were greater in the 
first flowers than in the second ones in both years. Within first flowers, the number of 
pollen grains removed was greater in flowers that had longer male phases, thus duration 
of the male phase may positively affect male reproductive success in the first flowers. 
The female phase lasted longer and the number of ovules was greater in the first flowers 
than in the second only in 2002. However, seed production per flower and female phase 
duration in both years were not significantly related. The variation in the number of 







Different patterns in tempora~ variation in seed prcduetion among fiowers within 
infiorescenees in Aquilegia buergeriana var. oxysepala (Ranunculaceae) 
I described the differences in the patterns oftemporal variation in male and 
female reproductive success among flowers within inflorescences. I examined whether 
the effect ofpollinator and resource limitation on reproductive success differ among 
these flowers. During 2002  2006, I quantified removal ofpollen giains and seed 
production in the first and the second flowers within inflorescences in Aquilegla 









ambient temperature and pollinator activity on their reproductive success. I found no 
differences in the ra,tes ofpollen grains removed among years in either the first or the 
second flowers within inflorescences. The nurnber of seeds produced in the first flowers 
differed among years. Pollinator and/or resource limitation by low temperature 
are possible causes of this temporal variation. On the other hand, the number 
of seeds in the second flowers within inflorescences did not differ among years. Thus, 
the effects ofpollinator or resource limitation differed among flowers within 
inflorescences. The second flowers probably contributed to the female reproductive 
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 論文審査結果の要旨
 鍵
盤
。
 多くの植物で、雄繁殖器官・雌繁殖器官への投資量に花序内の指間で違いがあることがわかって
 きた。しかし、このような違いが進化した生態学的要因の解析は不十分である。そこで本研究で
 は、オオヤマオダマキを主斌象に、開化順に依存した繁殖投資戦略を解析し、その適応的意義の
 解明を試みた。
 オオヤマオダマキは雌雄黒熱陸の植物で、雄類を終えてから雌顛を迎える。雄窺の畏さと蝶期
 の長さは、花序内の花閥で異なる。そこで、雄翔・雌期の長さが繁殖成功に及ぼす影響を解析し
 た。その結果、花序内の開花の早い花の方が雄翔が長く、花あたり花粉数も多いことがわかっ
 た。さらに、,雄類間が長いほど多くの花粉が放畠されていた・一方・雌潮間の長さと種子数とに
 は有意な関係がなかった。このことは、雄瑚の長さは雄繁殖成功と雄投資に影響するのに対し、
 雌類の長さは雌繁殖成功と雌投資に影響していないことを示す。花潮の長さの違いが雌雄の繁殖
 に異なる影響を与えることが、本研究で初めて見いだされた。
 繁殖器官への投資量の花問の違いは、繁殖に影響する環境条件が年閥で変動することに対する
 適応戦略ではないであろうか。そこで、オオヤマオダマキの花序内の花ごとに、雄・雌繁殖成功
 の5年間の年変動を調べた。また、繁殖成功に影響すると考えられる要國を調べた。その結果、
 種子生産は、1番目の花のみで年間に有意差があった。2番目の花の生産種子は少ないが、安定し
 ていた。一方、放蹟花粉数は年闘で有意差があった。しかし、変動パターンに花間で差はなかっ
 た。このことから2番目の花は、環境変動の影響を受けず安定的に種子生産する役割を担ってい
 ることがわかった。
 本研究は、花序を付ける植物の開花戦略の解明に大きく貢献するものである。板垣智之は、独
 自の視点でこの研究を切り開いてきだ。このことは、自立して研究活動を行うに必要な高度の研
 究能力と学識を有することを示している。したがって,板垣智之提出の論文は,博士(生命科
 学)の博士論文として合格と認める。
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